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impact resistance, and causes no fuel leakage includes at least
one resin layer comprising a resin composition containing
(A) a high-density polyethylene (HDPE) or a linear short-
chain branched polyethylene; (B) a polyethylene polymer-
ized with a metallocene-based catalyst; and (C) a carbon
black. A weight mixing ratio ((A)/(B)) is in a range of from
10/90 to 90/10; a content of component (C) is in a range of
from 0.1 to 5 parts by weight with respect to 100 parts by
weight of a total of components (A) and (B); a tissue (Y)
comprising component (B) is inserted between linear crystal-
line tissues (X) comprising component (A) to expand an
interval between the tissues (X); and component (C) is dis-
persed in the tissue (Y).
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RESIN-MADE FUEL INLET PIPE, AND
METHOD FOR PRODUCING SAME

RELATED APPLICATION

This application is a continuation of International Appli-
cation No. PCT/JP2012/71652, filed on Aug. 28, 2012, which
claims priority to Japanese Patent Application No. 2011-
185887, filed on Aug. 29, 2011, and to Japanese Patent Appli-
cation No. 2012-41714, filed on Feb. 28, 2012, the entire
contents of each of which are hereby incorporated by refer-
ence.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a resin-made fuel inlet pipe
to be used in a fuel transport pipe extending from a filer
opening to a fuel tank in a vehicle such as an automobile and
a method of producing the same, and more specifically, to a
resin-made fuel inlet pipe formed by integrating a filler neck
pipe, an inlet tube, and a filler hose, and a method of produc-
ing the same.

2. Description of the Related Art

Hitherto, from the viewpoint of collision safety (impact
resistance), a metal pipe (inlet pipe) has been used on a
fueling side of a fuel transport pipe extending from a filler
opening to fuel tank in an automobile. A resin- or rubber-
made filler hose is connected to the metal pipe, and the hose
is attached to the fuel tank. In recent years, however, use of a
resin-made hose in place of the metal pipe has been investi-
gated to meet a demand for weight reduction of a pipe for an
automobile.

As the resin-made hose described above, for example, a
resin-made fuel filler tube for an automobile has been pro-
posed (JP-A-HEI11-48800), which includes, as an inner layer
of the fuel filler tube body, any one of a polyamide-based
resin, ethylene vinyl alcohol, and an elastomer thereof, and as
an outer layer thereof, a modified polyethylene resin, and the
like.

SUMMARY OF THE INVENTION

However, the tube described in JP-A-HEI11-48800 has the
following drawback. The occurrence of a crack in the inner
layer at the time of collision causes a crack in the outer layer
fused to the inner layer as well, with the result that fuel leaks
to the outside. On the other hand, when an attempt is made to
increase the thickness of the resin hose to provide the hose
with impact resistance comparable to that of a metal pipe, its
volume also increases owing to the increased thickness of the
hose, which is contrary to the demand for weight reduction.

The pre sent invention has been made in view of such
circumstances, and an object of the present invention is to
provide a resin-made fuel inlet pipe that has a light weight,
excellent impact resistance, and causes no fuel leakage, and a
method of producing the pipe.

The inventors of the present invention have made extensive
studies to obtain a resin-made fuel inlet pipe that has a light
weight, excellent impact resistance, and causes no fuel leak-
age. During the studies, inventors have paid attention to the
structure of a resin layer, and have obtained a fuel inlet pro-
vided with a structure including a high-density polyethylene
(HDPE) or a linear short-chain branched polyethylene (L.L-
DPE) (A) and a polyethylene polymerized with a metal-
locene-based catalyst (hereinafter sometimes referred to as
“metallocene-based polyethylene”) (B), in which a softtissue
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(Y) formed of the component (B) is inserted between linear
crystalline tissues (X) formed of the component (A) to expand
an interval between the tissues (X). Then, as a result of con-
tinuous experiments, the inventors have found that a desired
object can be achieved by producing a resin-made fuel inlet
pipe having a structure in which the carbon black (C) is
dispersed in the soft tissue (Y). Thus, the inventors have
reached the present invention.

Thus, according to a first aspect of the present invention, a
resin-made fuel inlet pipe includes at least one resin layer, the
resin layer comprising a resin composition containing the
following components (A) to (C): (A) a high-density poly-
ethylene (HDPE) or a linear short-chain branched polyethyl-
ene (LLDPE); (B) a polyethylene polymerized with a metal-
locene-based catalyst; and (C) a carbon black, in which: a
weight mixing ratio ((A)/(B)) between the component (A)
and the component (B) falls within a range of from 10/90 to
90/10; a content of the component (C) falls within a range of
from 0.1 to 5 parts by weight with respect to 100 parts by
weight of a total of the component (A) and the component
(B); a soft tissue (Y) comprising the component (B) is
inserted between linear crystalline tissues (X) comprising the
component (A) to expand an interval between the tissues (X);
and the component (C) is dispersed in the soft tissue (Y).

Further, according to a second aspect of the present inven-
tion, a method of producing a resin-made fuel inlet pipe
includes: adding the component (C) using a forced side feeder
during a step of extruding the components (A) and (B); and
extrusion molding the mixture, to hereby form the resin layer.

As in the embodiments described above, for example, a
resin-made fuel inlet pipe of the present invention (hereinaf-
ter sometimes simply referred to as “fuel inlet pipe”) can
include a resin layer (hereinafter sometimes referred to as
“high-speed deformable resin layer”) having a structure in
which a soft tissue (Y) formed of the component (B) is
inserted between linear crystalline tissues (X) formed of the
component (A) to expand an interval between the tissues (X).
The exemplary fuel inlet pipe according to this embodiment
of the preset invention brings together both of their charac-
teristics, i.e., rigidity (strength) derived from the HDPE or
LLDPE (A) and ductility (elongation) derived from the met-
allocene-based polyethylene (B) and is excellent in impact
absorbing ability. In addition, the carbon black (C) is dis-
persed in the soft tissue (Y), and hence the strength improves
in order to maintain elongation (high-speed tensile elonga-
tion) after a weather resistance test.

In addition, in the case where the carbon black (C) has a
primary average particle diameter of from 10 to 100 nm, it is
possible to maintain elongation and to improve weather resis-
tance in addition to strength.

Further, when the interval between the linear crystalline
tissues (X) is 30 to 500 nm, a good balance between the
strength and impact resistance can be achieved.

In addition, when the resin composition for forming the
resin layer contains an ionic liquid, the conductivity of the
pipe improves, thus the pipe can be grounded even if the pipe
tends to become charged at the time of fueling, and hence the
safety of the pipe additionally improves.

In an actual use environment, the surface of the resin layer
may be damaged by flying stones or the like to rupture the
resin layer from the damaged portion. When a protective layer
(which may be referred to as hard coat layer) having a prede-
termined thickness (for example, 0.2 to 0.8 mm) formed of a
polyamide resin or the like is formed on the outermost periph-
ery of the resin-made fuel inlet pipe of the present invention,
a rupture of the resin layer due to the flying stones or the like
can be prevented to improve chipping resistance.
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In addition, when a resin-made fuel inlet pipe is produced,
during a step of extruding the components (A) and (B), by
adding the carbon black (C) using a forced side feeder and by
extrusion molding the mixture, to thereby form the resin
layer, the high-speed tensile elongation can be maintained
because a predetermined amount of the carbon black (C) can
be dispersed accurately in the soft tissue (Y).

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is transmission electron micrograph showing an
example of construction of resin layer of a resin-made fuel
inlet pipe according to an embodiment of the present inven-
tion in which a soft tissue is inserted between linear crystal-
line tissues.

FIG. 2 is a construction view illustrating an example of a
resin-made fuel inlet pipe according to an embodiment of the
present invention.

FIG. 3 is a construction view illustrating another example
of' the resin-made fuel inlet pipe according to an embodiment
of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Next, an embodiment of the present invention is described
in detail. However, the present invention is not limited to this
embodiment.

The resin-made fuel inlet pipe of the present invention may
have a construction including at least one resin layer (high-
speed deformable resin layer).

The most peculiar point of the resin layer in embodiments
of the present invention is as follows. The resin layer has a
structure in which the soft tissue (Y) formed of the component
(B) is inserted between the linear crystalline tissues (X)
formed of the component (A) to expand the interval between
the tissues (X), and the carbon black (C) is dispersed in the
soft tissue (Y). The transmission electron micrograph of FIG.
1 shows a construction of the resin layer in which the soft
tissue is inserted between the linear crystalline tissues.

In at least some embodiments of the present invention, the
phrase “has a structure in which the soft tissue (Y) formed of
the component (B) is inserted between the linear crystalline
tissues (X) formed of the component (A) to expand the inter-
val between the tissues (X)” means that the resin layer may
have a structure in which the soft tissue (Y) is inserted into
any of intervals between the linear crystalline tissues (X), and
it is not necessary that the soft tissue (Y) be inserted into all
the intervals between the linear crystalline tissues (X).

The interval between the linear crystalline tissues (X) is
preferably in a range of from 30 to 500 nm, particularly
preferably 100 to 300 nm in terms of a balance between
strength and impact resistance. When the interval between the
linear crystalline tissues (X) is excessively small, the layer
becomes too hard because the soft tissues (Y) formed of the
component (B) is hardly inserted, thereby showing a ten-
dency of poor impact resistance. When the interval between
the linear crystalline tissues (X) is excessively large, the layer
becomes too soft, thereby showing tendencies of poor
strength and poor oil resistance because the ability of the
component (A) is insufficiently exerted.

The interval between the linear crystalline tissues (can be
measured by, for example, a transmission electron micro-
scope. Next, a material for forming the resin layer (resin
composition) is described.
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<<High-Density Polyethylene or Linear Short-Chain
Branched Polyethylene (A)>>

Thehigh-density polyethylene (HDPE) has a specific grav-
ity of preferably from 0.935 to 0.965, particularly preferably
from 0.935 to 0.960.

It should be noted that the specific gravity is a value based
on ISO 1183 (the same hereinafter).

In addition, the high-density polyethylene (HDPE) has a melt
flow rate (MFR) of preferably HL from 1 to 55 g/10 min, more
preferably HL from 10 to 1 g/10 min.

It should be noted that the MFR is measured in conformity
with ASTM D 1238 (the same hereinafter).

The linear short-chain branched polyethylene (LLDPE) as a
specific gravity of preferably from 0.915 to 0.945, particu-
larly preferably from 0.920 to 0.94.

In addition, the linear short-chain branched polyethylene
(LLDPE) has a melt flow rate (MFR) of preferably HL. from
1to 55 g/10 min, more preferably HL. from 5 to 50 g/10 min.
<<Polyethylene Polymerized with Metallocene-Based Cata-
lyst (B)>>

Examples of the polyethylene polymerized with a metal-
locene-based catalyst (metallocene-based polyethylene) (B)
include a metallocene-based very low density polyethylene
(VLDPE), a metallocene-based LLDPE, and a metallocene-
based HDPE. Those may be used alone, or in combination of
two or more kinds thereof. Of those, the metallocene-based
VLDPE is preferred from the points of high impact resistance
and flexibility.

The weight mixing ratio “(A)/(B)” between the compo-
nents (A) and (B) falls within the range of from 10/90 to
90/10, preferably 70/30 to 90/10. When the mixing ratio of
the component (A) is excessively small (the weight mixing
ratio of the component (B) is excessively large), the compo-
sition becomes poor in strength and petrol resistance, and
when the weight mixing ratio of the component (A) is exces-
sively large (the weight mixing ratio of the component (B) is
excessively small), the composition becomes poor in high-
speed tensile elongation.
<<Carbon Black (C)>>

The carbon black (C) has a primary average particle diam-
eter of preferably from 10 to 100 nm, particularly preferably
from 20 to 70 nm from the points of strength ad dispersibility.

The content of the carbon black (C) falls within the range of
from 0.1 to 5 parts by weight, preferably 0.5 to 4 parts by
weight with respect to 100 parts by weight of the total of the
components (A) and (B). When the content of the carbon
black (C) is excessively small, the composition becomes poor
in weather resistance, and when the content of the carbon
black (C) is excessively large, elongation (high-speed tensile
elongation) becomes small.

It should be noted that the resin composition for forming
the resin layer may further include an ionic liquid, an antioxi-
dant, an antioxidant, a pigment, a dye, a filler, a processing
aid, or the like in addition to the components (A), (B), and (C).

As the ionic liquid, preferred ones include a cation of at
least one of a six-membered ring compound, a five-mem-
bered ring compound, and an aliphatic-based compound, and
an anion corresponding thereto, such as 1-ethyl-3-methylimi-
dazolium tetrafluoroborate, 1-hexyl-3-methylimidazolium
trifluoromethanesulfonate, 1-hexylpyridium chloride, or
N,N,N-trimethyl-N-propylammonium bis(trifluoromethane-
sulfonyl)imide. Those may be used alone, or in combination
of two or more kinds.

The ionic liquid can play the role of a plasticizer and is
typically present in the soft tissue (Y) formed of the compo-
nent (B). The ionic liquid can exert its conductivity when
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present in a small amount and it has little effect on hardness
compared with the case of using the carbon black (C).

The content of ionic liquid is preferably 0.1 to 5 parts by
weight, particularly preferably 0.1 to 1 part by weight with
respect to 100 parts by weight of the total of the (A) and (B).

In some embodiments, a fuel inlet pipe according to the
present invention may be produced, for example, as described
below. That is, a twin-screw extruder equipped with a forced
side feeder is prepared, and first, HDPE or LLDPE (A), the
metallocene-based polyethylene (B), and optionally another
additive or the like are molded by extrusion. During the
process, a predetermined amount of carbon black (C) is added
from the forced side feeder to produce pellets, and the pellets
are molded by extrusion into a tubular shape, thereby obtain-
ing the pipe. It should be noted that, if necessary, a bellows
structure may be formed at the central portion of the tube with
a corrugator or the like. In addition, the components may be
molded directly by extrusion into the tubular shape without
pelletization.

In some embodiments, a fuel inlet pipe according to the
present invention may have a single-layer structure including
only the specific resin layer or a multilayer structure includ-
ing two or more layers including the specific resin layer and
another resin layer. It should be noted that in the case of a
multilayer structure including two or more layers, the specific
resin layer is preferably arranged outside. In addition, in the
case of a multilayer structure including two or more layers,
the specific resin layer and the other resin layer are preferably
in a substantially non-adherent state.

The term “non-adherent state” as used with respect to at
least some embodiments of the present invention is not lim-
ited to a state in which the specific resin layer and the other
resin layer do not adhere to each other at all, as long as the
state is such that the resin layers adhere to each other at the
time of impact such as collision, and is meant to include an
adherent state such that the resin layers adhere to each other at
a certain point as well.

For example, in some embodiments, a fuel inlet pipe
according to the present invention can be formed by laminat-
ing an outer layer 12 on the outer peripheral surface of tubular
inner layer 11 in a substantially non-adherent state, and its
central portion is formed into a bellows portion 13 as illus-
trated in FIG. 2. In at least some embodiments the present
invention, the outer layer 12 is preferably the specific resin
layer.
<<Material for Inner Layer>>

As a material for the inner layer, a resin having fuel resis-
tance, such as a polyamide resin, is preferred to promote an
objective that the resin does not dissolve by a fuel, in addition,
has such strength that the resin does not come out from an
assembly portion, and is non-adhesive to HDPE and the like
(A) in the outer layer (resin layer).
<Polyamide Resin>

As the polyamide resin, there are exemplified a polyamide
6 (PAG6), a polyamide 46 (PA46), a polyamide 66 (PA66), a
polyamide 92 (PA92), a polyamide 99 (PA99), a polyamide
610 (PA610), a polyamide 612 (PA612), a polyamide 1010
(PA1010), apolyamide 11 (PA11), a polyamide 912 (PA912),
a polyamide 12 (PA12), a copolymer of a polyamide 6 and a
polyamide 66 (PA6/66), a copolymer of a polyamide 6 and a
polyamide 12 (PA6/12), an aromatic nylon, and the like.
Those may be used alone, or in combination of two or more
kinds. Of those, the polyamide 11 or the aromatic nylon is
preferred because of being more excellent in low-fuel perme-
ability and flexibility.

In some embodiments, the respective dimensions of a fuel
inlet pipe according to the present invention are as described
below.
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The total thickness of the fuel inlet pipe in embodiments of
the present invention falls preferably within the range of from
1.4 to 3.2 mm, particularly preferably within the range of
from 1.8 to 3.2 mm.

In addition, as illustrated in FIG. 2 above, in some embodi-
ments of a two-layer structure including the inner layer 11 and
the outer layer 12, the thickness of the inner layer 11 fall
within the range of typically from 1.0 to 1.8 mm, preferably
within the range of from 1.0 to 1.8 mm, and the thickness of
the outer layer 12 falls within the range of typically from 0.4
to 1.2 mm, preferably within the range of from 0.8 to 1.2 mm.
It should be note, that in some embodiments, the thickness of
the outer layer 12 falls within the range of from preferably 20
to 120%, particularly preferably within the range of from 40
to 120% with respect to the thickness of the inner layer 11.

The total length of the fuel inlet pipe of the present inven-
tion is not particularly limited because the pipe can be
designed in accordance with the layout of an automobile, for
example. Besides, the total length of bellows portion can also
be determined in consideration of the absorption of tolerance
and workability at the time of assembly.

It should be noted that in some embodiments of a resin-
made fuel inlet pipe of the present invention, a single-layer or
multilayer innermost layers may be formed on the inner
peripheral surface of the pipe.

As materials for forming the innermost layer, a resin hav-
ing fuel oil resistance against a fuel is preferred. For example,
there are exemplified: flourine resins, such as a thermoplastic
fluororesin (THV) formed of a terpolymer of vinylidene fluo-
ride, hexafluoropropylene, and tetrafluoroethylene, an ethyl-
ene-tetrafluorethylene copolymer (ETFE), and a polyvi-
nylidene fluoride (PVDF); ethylene vinyl alcohol (EVOH); a
polyphenylene sulfide (PPS); a polybutylene napthalate
(PBN); a polybutylene terephthalate (PBT); a polyethylene
(PE); and amodified polyethylene (modified PE). It should be
noted that the material for the innermost layer may be the
same material as the material for the inner layer (resin having
fuel resistance such as a polyamide resin).

The thickness of the innermost layer may be selected
within the range of typically from 0.05 to 0.5 mm, preferably
from 0.1 to 0.4 mm.

It should be noted that some embodiments of a fuel inlet
pipe of the present invention may have a plurality (typically 2
to 50, 3 in FIG. 3) ring-like protrusions (structure like the
so-called bamboo joint) 12a extending along the peripheral
direction (direction perpendicular to the longitudinal direc-
tion of the fuel inlet pipe) of the outer layer 12 at given
intervals (typically at intervals of 5 to 50 mm) as illustrated in
FIG. 3 from the viewpoint of improving impact resistance.
The ring-like protrusions 12a are preferably made of the same
material as that for the outer layer 12, and may be formed
integrally with the outer layer 12 by, for example, a corruga-
tor.

In some embodiments a fuel inlet pipe of the present inven-
tion, a protective layer (hard coat layer) may be formed on the
outermost periphery. It should be noted that the resin layer
and the protective layer are preferably in a substantially non-
adherent state.

A material for forming the protective layer may include a
polyamide resin and a polypropylene resin. Those may be
used alone, or in combination of two or more kinds thereof.
Ofthose, the polyamide resin is preferred in terms of chipping
resistance.

As the polyamide resin, for example, there are exemplified
a polyamide 6 (PA6), a polyamide 46 (PA46), a polyamide 6
(PA66), a polyamide 92 (PA92), a polyamide 99 (PA99), a
polyamide 610 (PA610), a polyamide 612 (PA612), a polya-
mide 1010 (PA1010), a polyamide 11 (PA11), a polyamide
912 (PA912), apolyamide 12 (PA12), a copolymer ofa polya-
mide 6 and a polyamide 66 (PA6/66, a copolymer of a polya-
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mide 6 and a polyamide 12 (PA6/12), an aromatic nylon, and
the like. Those may be used alone, or in combination of two or
more kinds thereof. Of those, a PA is preferred because of its
abrasion resistance.

It should be noted that a conductive polyamide resin having
conductivity imparted by a conductive agent such as a carbon
black may be used as the polyamide resin.

In some embodiments, the thickness of the protective layer
preferably falls within the range of from 0.2 to 0.8 mm,
particularly preferably within the range of from 0.2 to 0.5
mm.

A two-layer structure fuel inlet pipe produced by forming
a protective layer on the outer peripheral surface of a resin
layer can be produced as follows, for example. That is, a
twin-screw extruder equipped with a forced side feeder is
prepared, and first, HDPE or LLDPE (A), metallocene-based
polyethylene (B), and optionally another additive and the like
are molded by extrusion. During the process, a predetermined
amount of carbon black (C) is added from the forced side
feeder to produce pellets. Next, the pellets for forming the
resin layer and a material for forming the protective layer
(such as a polyamide resin) are co-extruded into a tubular
shape. It should be noted that, if necessary, a bellows structure
may be formed at the central portion of the tube with a
corrugator or the like.

EXAMPLES

Next, Examples are described together with Comparative
Examples. However, the present invention is not limited to
these Examples. It should be noted that the term “part” means
weight basis in the Examples.

First, the following materials for forming resin layers were
prepared prior to carrying out examples and Comparative
Examples.
<HDPE (Al)>

NOVATEC HD HE421 manufactured by Japan Polyethyl-
ene Corporation (specific weight: 0.96)
<LLDPE (A2)>

NOVATEC LL UH411 manufactured by Japan Polyethyl-
ene Corporation (specific weight: 0.92)

Metallocene-Based VLDPE (B)>

KERNEL KF261T manufactured by Japan Polyethylene
Corporation (specific weight: 0.90)
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<Carbon Black (C1)>

SEAST 9H manufactured by Tokai Carbon Co., Ltd. (pri-
mary average article diameter: 18 nm)
<Carbon Black (C2)>

SEAST SP manufactured by Tokai Carbon Co., Ltd. (pri-
mary average particle diameter: 95 cm)
<lIonic Solution>

N,N,N-Trimethyl-N-propylammonium
romethanesulfonyl)imide manufactured by
CHEMICAL CO., INC.

Example 1

bis(trifluo-
KANTO

A twin-screw extruder equipped with a forced side feeder
(TEX300. manufactured by The Japan Steel Works, I'TD.)
was prepared, and first, 90 parts of the HDPE (A1) and 10
parts of the metallocene-based VLDPE (B) were molded by
extrusion. During the process, 2 parts of the carbon black (C1)
were added from the forced side feeder to produce pellets.
Next, a corrugator (manufactured by Colmar) was connected
to a tube extruder (GT-40 manufactured by PLABOR
Research Laboratory of Plastics Technology Co., [.td), and a
bellows structure was formed at the central portion of the
tube. Thus, such a single-layer fuel inlet pipe having a central
portion being formed into a bellows portion and both end
portions each being formed into a straight portion was pro-
duced.

The fuel inlet pipe had an inner diameter 32 mm of the
straight portion, an outer diameter 34.8 mm of the straight
portion, a thickness 1.4 mm of'the resin layer, an outer diam-
eter 38 mm of the bellows portions, a total length of 150 mm,
and a length 50 mm of the bellows portion.

Examples 2 to 8
Comparative Examples 1 to 5

Fuel inlet pipes were each produced in conformity with
Example 1 except that the material for the resin layer was
changed to any one of the combinations shown in Table 1
below.

Comparative Example 6

Blending in Example 3 was performed by dry blending,
and the corrugator (manufactured by Colmar) was connected
to the tube extruder (GT-40 manufactured by PLABOR
Research Laboratory of Plastics Technology Co., Ltd), fol-
lowed by directly forming a bellows structure at the central
portion of the tube. Thus, such a single-layer structure fuel
inlet pipe that the central portion was formed into a bellows
portion and both end portions were each formed into a straight
portion was produced.

TABLE 1

(parts by weight)

Examples Comparative examples
1 2 3 4 5 6 7 8 1 2 3 4 5 6

HDPE (A1) 90 70 70 70 10 70 70 — — 100 70 70 70 70
LLDPE (A2) — — — — — — — 70 — — — — — —
Metallocene-based 10 30 30 30 90 30 30 30 100 — 30 30 30 30
VLDPE (B)
Carbon black (C1) 2 0.1 2 5 2 — 2 2 — — — 6 — 2
Carbon black (C2) — — — — — 2 — — — — — — 6 —
Tonic liquid — — — — — — 1 — — — — — — —
In Elongation >300 >300 >300 >300 >300 >300 >300 >300 >300 250 >300 250 250 150
ordinary (%)
state Evaluation o o o o o o o o o X o X X X

Yield 27 26 27 30 10 27 25 11  No 30 20 30 20 20
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TABLE 1-continued
(parts by weight)
Examples Comparative examples
1 2 3 4 5 6 7 8 1 2 3 4 5 6

strength yield

(MPa) point

Evaluation o o o o o o o o o o o o o
After Elongation >300 >300 >300 =300 >300 >300 >300 >300 250 150 250 150 >300 150
weather (%)
resistance Evaluation o o o o o o o o X X X X o X
test
Conductivity (volume 1x 1x 1x 1x 1x 1x 1x 1x 1x 1x 1x 1x 1x 1x
resistivity) (€ cm) 10t 10ttt 10ttt 1ot 10tt 1ot 106 10*t 10't  10't 1ot 10tt  10%t 10
Interval between 40 500 300 300 500 300 300 300 — 20 300 300 300 20

linear crystalline
tissues (X) (nm)

The products of the examples and the comparative
examples thus obtained were evaluated for respective char-
acteristics in accordance with the following criteria. Table 1
above shows those results together.
<High-Speed Tensile Elongation>
(In Ordinary State)

Elongation was measured by setting each fuel inlet pipe in
ahigh-speed tensile tester (IM100 manufactured by IMATEK
GmbH) and subjecting the pipe in ordinary state (20° C.)to a
high-speed tensile test (13 m/s). Such a pipe having an elon-
gation of 300% or more (>300) was evaluated as o, and such
a pipe having an elongation of less than 300% was evaluated
as x.

In addition, yield strength (MPa) was determined in con-
formity with JIS K6922-1 and 2. Such a fuel inlet pipe having
yield strength of 10 Mpa or more was evaluated as o, and such
a fuel inlet pipe having a yield strength of less than 10 Mpa
was evaluated as x.

(After Weather Resistance Test)

Elongation was measured by setting each fuel inlet pipe
into a high-speed tensile tester (IM100 manufactured by
IMATEK GmbH) and subjecting the pipe to a high-speed
tensile test (13 m/s) after weather resistance test. Such a pipe
having an elongation of 300% or more (>300) was evaluated
as o, and such a pipe having an elongation of less than 300%
was evaluated as x.

It should be noted that the weather resistance test was
carried out under the following conditions.

The weather resistance test was carried out using a sun-
shine weather-ometer (300 SUNSHINE WEATHER
METER S300 manufactured by Suga Test Instruments Co.,
Ltd.) as a xenon arc lamp weather resistance tester under
conditions of 500-hr irradiation, xenon arc lamp (illumi-
nance: 0.35 W/m? at 340 nm), watering: 13 min during 120-
min irradiation, black panel temperature: 63+£3° C.
<Conductivity (Volume Resistivity)>

A volume resistivity was measured in conformity with JIS
K6271 by a double ring measurement method for measuring
an electrical resistivity between circular electrodes. Measure-
ment was carried out one minute after application of a voltage
of 500 V between the electrodes.
<Interval Between Linear Crystalline Tissues (X)>

An interval between the linear crystalline tissues (X) was
measured using a transmission electron microscope
(HF-3300 manufactured by Hitachi High-Technologies Cor-
poration).

As can be seen from the results of the table, each of the
products of the examples was superior in elongation in ordi-
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nary state and after the weather resistance test and was excel-
lent in impact resistance. Accordingly, it is assumed that no
fuel leakage occurs even at the time of collision. It should be
noted that the product of Example 7 containing the ionic
liquid was excellent in conductivity.

The constructions of the products of all examples were
observed by the transmission electron microscope (HF-3300
manufactured by Hitachi High-Technologies Corporation).
As aresult, the products of all examples were found to have a
structure in which the soft tissue (Y) formed of the metal-
locene-based VLDPE (B) was inserted between the linear
crystalline tissues (X) formed of the HDPE (Al) or the
LLDPE (A2) to expand the linear crystalline tissues (X) and
the carbon blacks (C1 and C2) were dispersed in the soft
tissue (Y).

In contrast, the product of Comparative Example 1 was
poor in elongation after the weather resistance test because
the product was produced using the metallocene-based
VLDPE (B) alone without using the HDPE (Al).

The product of Comparative Example 2 is poor in ordinary
state and after the weather resistance test because the product
includes the HDPE (A1) alone and does not include the met-
allocene-based VLDPE (B).

The product of Comparative Example 3 was poor in elon-
gation after the weather resistance test because the product
was produced without using the carbon blacks (C1 and C2).

The product of Comparative Example 4 was poor in elon-
gation in ordinary state and after the weather resistance test
because the product was produced using an excessive amount
of'the carbon black (C1).

The product of Comparative Example 5 was poor in elon-
gation in ordinary state because the product was produced
using an excessive amount of the carbon black (C2).

The product of Comparative Example 6 was produced by
dry-blending and hence had small intervals between the linear
crystalline tissues (X) formed of the HDPE (A1), and the soft
tissue (Y) formed of the metallocene-based VLDPE (B) was
not inserted between the linear crystalline tissues (X), in
addition, it was considered that part of the carbon black was
dispersed non-uniformly because the forced side feeder was
not used. Therefore, the product of Comparative Example 6
was poor in elongation in ordinary state and after the weather
resistance test.

Accordingly, it is assumed that all the products of Com-
parative Example 1 to 4 and 6 are poor in impact resistance
and cause a crack in a hose at the time of collision, with the
result that fuel leakage occurs.
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Example 9

A two-layer structure fuel inlet pipe produced by forming
a protective layer on the outer peripheral surface of a resin
layer was produced. First, pellets for forming the resin layer
were produced in the same manner as in Example 3. That is,
the twin-screw extruder equipped with the forced side feeder
(TEX300. manufactured by The Japan Steel Works, LTD.)
was prepared, and first, 70 parts of the HDPE (A1) and 30
parts of the metallocene-based VLDPE (B) were molded by
extrusion. During the process, 2 parts of the carbon black (C1)
was added from the forced side feeder to produce pellets.
Next, the corrugator (manufactured by Colmar was con-
nected to the tube extruder (GT-40 manufactured by PLA-
BOR Research Laboratory of Plastics Technology Co, Ltd),
and a bellows structure was formed at the central portion of
the tube by co-extruding the pellets for forming the resin layer
and apolyamide 11 for forming the protective layer (RILSAN
BESNBK P212CTL (specific gravity: 1.04) manufactured by
Arkema) into a tubular shape. Thus, such two-layer structure
fuel inlet pipe that the central portion was formed into the
bellows portion and both end portions were each formed into
a straight portion was produced. It should be noted that the
resin layer and the protective layer were in a non-adherent
state.

The fuel inlet pipe had the following dimensions. The inner
diameter of the straight portion was 32 mm, the outer diam-
eter of the straight portion was 34.8 mm, the thickness of the
resin layer was 1.4 mm, the thickness of the protective layer
was 0.2 mm, the outer diameter of the bellows portion was 38
mm, the total length was 150 mm, and the length of the
bellows portion was 50 mm.

Example 10

Atwo-layer structure fuel inlet pipe that the central portion
was formed into a bellows portion and both end portions were
each formed into a straight portion was produced in confor-
mity with Example 9 except that a conductive polyamide 11
(conductive PA11) (RILSAN BESN BK P212CTL (specific
gravity: 1.16) manufactured by Arkema) was used instead of
the polyamide 11 for forming the protective layer.

The two-layer structure fuel inlet pipes (the products of
Examples 9 and 10) produced by forming the protective layer
and the single-layer structure fuel inlet pipe (the product of
Example 3) produced by forming no protective layer were
evaluated on chipping resistance in accordance with the fol-
lowing criteria.
<Chipping Resistance>

A shipping test was carried out in accordance with a
description of ASTM D 3170. That s, the fuel inlet pipes were
evaluated on chipping resistance by blowing 500 g of powder
stone #6 (stone size: 13 to 5 mm) at an atmosphere tempera-
ture of -40° C. from a distance of 300 mm at a discharge
pressure of 480 kPa and a blowing angle of 90°.

The results of the chipping test show that the two-layer
structure fuel inlet pipes produced by forming the protective
layer (the products of Examples 9 and 10) have little possi-
bility of a rupture of the resin layer caused by flying stones of
the like and are excellent in chipping resistance compared
with the single-layer structure fuel inlet pipe produced by
forming no protective layer (the product of Example 3).

It should be noted that specific forms in the present inven-
tion have been shown in examples above, but it is to be
understood that such examples are purely illustrative and are
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not to be interpreted as limiting. Various modification appar-
ent to those skilled in the art are intended to be within the
scope of this invention.

Although specific forms of embodiments of the instant
invention have been described above and illustrated in the
accompanying drawings in order to be more clearly under-
stood, the above description is made by way of example and
not as a limitation to the scope of the instant invention. It is
contemplated that various modifications apparent to one of
ordinary skill in the art could be made without departing from
the scope of the invention

The fuel inlet pipe of the present invention can be used for
the fuel transport pipe extending from the filler opening to the
fuel tank in the vehicle such as an automobile, e.g., a filler
neck pipe, an inlet tube, a filler hose, or a breather tube.
However, it is preferred to use for a neck-integrated fuel inlet
pipe formed by integrating the filer neck pipe, the inlet tube,
and the filler hose.

What is claimed is:

1. A resin-made fuel inlet pipe comprising at least one resin
layer, the resin layer comprising a resin composition contain-
ing the following components (A) to (C):

(A) a high-density polyethylene (HDPE) or a linear short-

chain branched polyethylene;

(B) a polyethylene polymerized with a metallocene-based
catalyst; and

(C) a carbon black, wherein:

a weight mixing ratio ((A)/(B)) between the component
(A) and the component (B) falls within a range of from
10/90 to 90/10;

a content of the component (C) falls within a range of from
0.1 to 5 parts by weight with respect to 100 parts by
weight of a total of the component (A) and the compo-
nent (B);

a tissue (Y) comprising the component (B) is inserted
between linear crystalline tissues (X) comprising the
component (A) to expand an interval between the tissues
(X): and

the component (C) is dispersed in the tissue (Y).

2. A resin-made fuel inlet pipe according to claim 1,
wherein the carbon black (C) has a primary average particle
diameter in a range of from 10 to 100 nm.

3. A resin-made fuel inlet pipe according to claim 1
wherein the interval between the linear crystalline tissues (X)
is in a range of 30 to 500 nm.

4. A resin-made fuel inlet pipe according to claim 1,
wherein the resin layer comprises the resin composition fur-
ther containing an ionic liquid.

5. A resin-made fuel inlet pipe according to claim 1,
wherein the resin-made fuel inlet pipe comprises a protective
layer on an outermost periphery of the pipe.

6. A resin-made fuel inlet pipe according to claim 5,
wherein the protective layer comprises at least one of a polya-
mide resin and a polypropylene resin.

7. A resin-made fuel inlet pipe according to claim 5,
wherein the protective layer has a thickness of from 0.2t0 0.8
mm.

8. A resin-made fuel inlet pipe according to claim 1,
wherein the high-density polyethylene (HDPE) has a specific
gravity of from 0.935 to 0.965.

9. A resin-made fuel inlet pipe according to claim 1,
wherein the high-density polyethylene (HDPE) has a melt
flow rate (MFR) in a range of from high load (HL.) 1t0 55 g/10
min.

10. A resin-made fuel inlet pipe according to claim 1,
wherein the linear short-chain branched polyethylene has a
specific gravity in a range of from 0.915 to 0.945.
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11. A resin-made fuel inlet pipe according to claim 1,
wherein the linear short-chain branched polyethylene has a
melt flow rate (MFR) in a range of from high load (HL) 1 to
55 g/10 min.

12. A resin-made fuel inlet pipe according to claim 1,
wherein the polyethylene polymerized with the metallocene-
based catalyst (B) comprises at least one selected from the
group consisting of a metallocene-based very low density
polyethylene (VLDPE), a metallocene-based linear short-
chain branched polyethylene , and a metallocene-based high-
density polyethylene (HDPE).

13. A resin-made fuel inlet pipe according to claim 4,
wherein the ionic liquid comprises at least one selected from
the group consisting of 1-ethyl-3-methylimidazolium tet-
rafluoroborate,  1-hexyl-3-methylimidazolium  trifluo-
romethanesulfonate, 1-hexylpyridium chloride, and N,N,N-
trimethyl-N-propylammonium bis
(trifluvoromethanesulfonyl)imide.

14. A resin-made fuel inlet pipe according to claim 4,
wherein a content of the ionic liquid is in a range of from 0.1
to 5 parts by weight for 100 parts by weight of a total of the
components (A) and (B).

15. A resin-made fuel inlet pipe according to claim 1,
wherein the resin-made fuel inlet pipe has a multilayer struc-
ture comprising two or more layers including the resin layer
and another layer of a resin composition that is different from
the resin composition of the layer, and wherein the resin layer
and the another resin layer are laminated in a non-adherent
state.

16. A resin-made fuel inlet pipe according to claim 1,
wherein the resin-made fuel inlet pipe has a multilayer struc-
ture comprising two or more layers including the resin layer
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and another layer of a resin composition that is different from
the resin composition of the layer, and wherein the resin-
made fuel inlet pipe comprises the resin layer as an outer layer
and a polyamide resin layer as an inner layer.

17. A resin-made fuel inlet pipe according to claim 1,
wherein the resin-made fuel inlet pipe comprises an inner-
most layer comprising at least one selected from the group
consisting of a thermoplastic fluorine resin (THV) formed of
a terpolymer of vinylidene fluoride, hexafluoropropylene,
and tetrafluoroethylene, an ethylene-tetrafluoroethylene
copolymer (ETFE), a polyvinylidene fluoride (PVDF), eth-
ylene vinyl alcohol (EVOH), a polyphenylene sulfide (PPS),
apolybutylene naphthalate (PBN), a polybutylene terephtha-
late (PBT), a polyethylene (PE), and a modified polyethylene
(modified PE).

18. A method of producing the resin-made fuel inlet pipe of
claim 1, comprising:

adding the component (C) using a forced side feeder during

a step of extruding the components (A) and (B); and
extrusion molding the mixture, to thereby form the resin
layer.

19. A method of producing the resin-made fuel inlet pipe
according to claim 18, comprising:

extruding the components (A) to (C) by an extruder to

produce pellets; and

extrusion molding the pellets into a tubular shape, to

thereby form the resin layer.

20. A method of producing the resin-made fuel inlet pipe
according to claim 18, comprising extrusion molding the
components (A)to (C) directly into a tubular shape, to thereby
form the resin layer.



